Introduction
Angiotensin receptor blockers (ARBs) are used commonly for anti-hypertension therapy and have been recommended as a first-line therapeutic strategy in several hypertension guidelines [1] [2] [3] . The principal advantage of ARBs are that they exert various protective effects in organs in addition to lowering blood pressure [4] [5] [6] [7] [8] . Thiazide diuretic agents are used as second-line drugs for hypertensive patients with ARB resistance and they are also recommended for concomitant use with ARBs in several guidelines [1, 2] . Indeed, a largescale clinical study has reported clinical advantages of an ARB and thiazide combination therapy [9] .
We recently conducted a multicenter, prospective, observational study in the Saitama Prefecture of Japan (the Saitama Anti-hypertension Losartan-hydrochlorothiazide Trial: SALT study), wherein we studied the clinical effectiveness of losartan/thiazide combination therapy in patients with hypertension that was resistant to either ARB monotherapy or concomitant ARB + calcium channel blocker (CCB) therapy [10] . The results showed that estimated salt excretion (eSE) at baseline was significantly correlated with the magnitude of blood pressure decrease, and that eSE could predict the efficacy of the combination therapy [10] . The study also demonstrated a significant decrease in the estimated glomerular filtration rate (eGFR) during the first 3 months after the switch to ARB/thiazide combination therapy [10] .
It is generally considered that a decrease in the GFR or an increase in serum creatinine (Cr) levels indicates a deterioration in renal function. However, in certain cases, a decreased GFR may indicate attenuation of a pressure overload in the glomerulus. A sub-analysis of the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study revealed that an acute decrease in the GFR during the initial period after the switch to losartan predicted a slower decrease in long-term renal function, indicating that the initial decrease in GFR provided a long-term renoprotective effect [11] . In addition, a decrease in the GFR at the onset of losartan/thiazide combination therapy generally predicts a subsequent slower decline in renal function, presumably because it reflects a decrease in glomerular pressure [12] . These results strongly suggest that a decline in the GFR does not necessarily indicate a deterioration in renal function. However, the significance of the GFR decrease caused by combined ARB/thiazide therapy has not been studied sufficiently, particularly its relationship with the associated anti-proteinuric effect.
In this study, we performed a sub-analysis of the SALT study to evaluate the clinical significance of the decline in eGFR. This involved assessing the relationships among the decline in eGFR, the baseline values of eGFR, decrease in blood pressure, and changes in albuminuria. The results showed that a significant decline in the eGFR occurred only in patients with high baseline eGFR values. These patients also showed a significant decrease in albuminuria. The results indicated that the renoprotective effect of losartan/thiazide combination therapy was attributable to amelioration of the hyperfiltration state of glomerular hemodynamics. Our findings thus contribute to knowledge about therapeutic strategies for the clinical management of ARB-resistant hypertension and the renoprotection associated with these strategies.
Materials and Methods

Study subjects
The SALT study was a multicenter, prospective, observational study. The main outcomes and complete study design, organization, clinical measures, exclusion criteria, and baseline characteristics have been published [10] . The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Ethics Committee for Human Studies at Saitama Medical University. We included patients aged 38-85 years with essential hypertension who were administered an ARB with or without the concomitant administration of a CCB over a 1-month period (May 2008 to April 2010). Patients Hasegawa et al.: Improvement of Glomerular Hyperfiltration by ARB-thiazide Combination who did not meet the target blood pressure levels described in the 2004 Japanese Society of Hypertension Guidelines for the Management of Hypertension (≤130/85 mmHg for young and middle-aged adults, ≤ 140/90 mmHg for adults aged > 75 years) [13] after this antihypertension therapy and who provided informed consent were enrolled in the SALT study. As described [10] , patients were excluded from the study if they had been administered any type of diuretic or thiazolidinedione agent or if they exhibited advanced renal insufficiency (serum Cr > 2.00 mg/dL or eGFR < 30 mL/min), heart failure (New York Heart Association functional class III or IV for dyspnea at exertion), or severe liver dysfunction.
Study protocol and clinical profile of the participants
A total of 104 patients who underwent SALT study screening were included in the present study. After blood and urine sampling to obtain baseline laboratory data, the ARB treatment in these patients was switched to the daily administration of a tablet of a compound drug (Preminent ® ) that contains losartan (50 mg) and hydrochlorothiazide (12.5 mg). The first morning urine was collected for biochemical analysis. The enrolled patients visited individual centers for the measurement of blood pressure and medical interviews until the 12th month. At the 3rd-and 12th-month visits, each patient provided blood and urine samples using methods similar to those used for the baseline sample collection. As described [10] , 93 and 74 participants completed the 3-month and 12-month observations, respectively. At the baseline, the patients' mean age was 67.7 ± 12.6 years and their mean body mass index (BMI) was 24.6 ± 3.6 kg/m 2 [10] . The ratio of males was 59.1% (55 cases). The prevalence of obesity was 34.4% (n = 32), diabetes 21.5% (n = 20), and dyslipidemia 44.1% (n = 41). The criteria for diagnosing obesity, diabetes, and dyslipidemia were as follows: obesity, body mass index (BMI) ≥ 25.0 kg/m 2 ; diabetes, use of antihyperglycemic medication or fasting blood glucose levels > 125 mg/dL; dyslipidemia, use of lipid-lowering medication or total cholesterol levels ≥ 220 mg/dL and/or high-density lipoprotein cholesterol levels ≤ 40 mg/dL and/ or triglyceride levels ≥ 150 mg/ dL. The ARBs being taken by the patients at enrollment and their mean doses were as follows: olmesartan (n = 25, 26.9%, 20.0 mg/day), losartan (n = 22, 23.7%, 50.0 mg/day), valsartan (n = 18, 19.4%, 92.5 mg/ day), telmisartan (n = 14, 15.1%, 38.7 mg/day), candesartan (n = 11, 11.8%, 7.6 mg/day), and irbesartan (n = 3, 3.2%, 100.0 mg/day). Thirty-five patients were receiving concomitant CCB therapy at enrollment in the study, including amlodipine (n = 20; mean dose, 5.6 mg/day), long-acting nifedipine (n = 6, 23.3 mg/ day), azelnidipine (n = 5, 12.8 mg/day), benidipine (n = 2, 6.0 mg/day), cilnidipine (n = 1, 10.0 mg/day), and nicardipine (n = 1, 5.0 mg). eSE (g/day) was calculated and assessed as described previously [14] . Briefly, the value was calculated from estimated 24-h Na excretion (24HUNaV) using the following equations proposed by Tanaka et al. [14] :
predicted value of 24-h urine Cr (PRCr, mg/day) = −2.04 × age + 14.89 × body weight (kg) + 16.14 × height (cm) − 2244.45 24HUNaV (mEq/day) = [21.98 × (uNa/uCr) × PRCr] 0.392 eSE (g/day) = (58.5 × 24HUNaV)/1000
Statistical analysis All biochemical parameters except brain natriuretic peptide (BNP) and urine albumin-to-Cr ratio (ACR) are expressed as means ± standard deviations. BNP and ACR values did not have a parametric distribution; therefore, they are expressed as median and 1st-and 3rd-quartile values. We determined the significance of differences in continuous variables with a parametric distribution by paired t-tests if an analysis of variance (ANOVA) demonstrated equal distribution and by Welch's t-test if the ANOVA demonstrated a nonequal distribution. The mean values of unpaired variables with a parametric distribution were analyzed using the two-tailed t-tests for two groups comparison and two-tailed multiple t-test with a Bonferroni correction for multiple group comparisons followed by ANOVA. The significance of paired and unpaired variables with a nonparametric distribution was evaluated using Wilcoxon's signed-rank test and the Mann-Whitney U-test, respectively. All statistical analyses were undertaken using a microcomputer-assisted program with SPSS (ver 20.0) for Windows Xp (SPSS Inc., Chicago, IL, USA). A p-value of < 0.05 was considered significant.
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Results
Physiological and biochemical parameters
The time-related changes in biochemical parameters as measured in the patients' blood and urine samples are listed in Table 1 . Both systolic and diastolic blood pressure decreased significantly within the first 3 months, although no significant change was observed over the next 9 months. The majority of biochemical parameters, including serum potassium levels, uric acid levels, and glucose tolerance, showed no significant change during the 1-year observation period. Significant changes in serum Cr levels and eGFR were observed in the first 3 months but not in the next 9 months. BNP levels also showed a significant decrease in the first 3 months. Urine analysis showed that ACR decreased significantly in the first 3 months as well as over the following 9 months.
Stratified analysis of baseline parameters by eGFR decrease ratio at 3 months and the time-differential changes in blood pressure, eGFR and ACR in each group
To elucidate the clinical profile of the patients who showed a decrease in eGFR, we first calculated the decrease ratio of eGFR at 3 months to assess the effects of the losartan/ thiazide combination therapy on the changes in eGFR values and the residual albuminuria. The patients were stratified according to tertiles of the eGFR decrease ratio at 3 months. As shown in Table 2 , the baseline values of BMI, blood pressure, BNP, ACR, and eSE were not different between the three groups. The baseline eGFR in the high eGFR decrease group (1st tertile) was significantly greater than that in the moderate and low eGFR decrease (2nd and 3rd tertiles) groups. As shown in Fig. 1 , the residual albuminuria decreased significantly in the high eGFR decrease group but not in the other two groups. In all three groups, blood pressure showed equal and significant decreases in the first 3 months, with no change over the next 9 months.
Table 1. Changes in biochemical parameters
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Stratified analysis of baseline parameters by baseline eGFR and the time-differential changes in blood pressure, eGFR and ACR in each group
Because the decreases in eGFR and albuminuria were related to the significant decrease in high baseline eGFR values, we next divided the patients into three tertiles of baseline eGFR values. As shown in Table 3 , there was no significant difference in the baseline value of all other parameters, including albuminuria and eSE. The changes in eGFR, blood pressure, and Table 2 . Baseline values of parameters in the groups with a high, moderate, and low eGFR decrease ratio Fig. 1 . Tertile analysis of estimated glomerular filtration (eGFR) decrease ratio at the 3rd month. Time-related changes in eGFR at 0, 3, and 12 months (a) and systolic (closed circles) and diastolic (open circles) blood pressure at 0, 3, 6, 9 and 12 months (b) are expressed as mean ± SEM in the 1st, 2nd, and 3rd tertiles of eGFR decrease. The urine albumin-to-creatinine ratio at 0, 3, and 12 months (c) are depicted in the box plot, where the box represents the interquartile range (Q1-Q3).
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ACR during the observation period are shown in Fig. 2 . Patients in the high baseline eGFR group (1st tertile) exhibited a significant decrease in eGFR during the first 3 months, with no change over the next 9 months. In contrast, patients in the moderate baseline eGFR (2nd tertile and 3rd tertile) groups exhibited no significant change in eGFR during the observation period. Both systolic and diastolic blood pressure decreased equally during the first 3 months in all three groups and remained at this level for the next 9 months, indicating that Table 3 . Baseline values of parameters in the groups with high, moderate, and low baseline eGFR values Fig. 2 . Tertile analysis of baseline eGFR. Time-related changes in eGFR at 0, 3, and 12 months (a) and systolic (closed circles) and diastolic (open circles) blood pressure at 0, 3, 6, 9, and 12 months (b) are expressed as mean ± SEM in the 1st, 2nd, and 3rd tertiles of baseline eGFR. The urine albumin-to-creatinine ratio at 0, 3, and 12 months (c) are depicted in the box plot, where the box represents the interquartile range (Q1-Q3).
Discussion
This study of patients with ARB-or ARB/CCB-resistant hypertension showed that a significant decrease in the eGFR was achieved by switching to losartan/thiazide combination therapy. We observed that the decrease in the eGFR did not occur in all patients, although it occurred independently of changes in systemic blood pressure in the patients with a high baseline eGFR accompanied by a considerable decrease in the eGFR during the first 3 months. This decrease in eGFR was also associated with a significant decrease in albuminuria, which had persisted even after treatment with either ARB monotherapy or ARB/CCB combination therapy.
The finding of a significant decrease in the eGFR during the first 3 months of losartan/ thiazide treatment was in agreement with the results obtained in a previous clinical study [15] . It would be expected that the total body fluid volume would decrease after the addition of thiazide because of the increased elimination of salt. Ito et al. reported that switching to losartan/thiazide combination therapy ameliorated chronic heart failure associated with a decrease in BNP and an increase in Cr levels [16] . These results are compatible with those of the current study. A decrease in body fluid volume and the associated decrease in GFR may be common outcomes after switching to ARB/thiazide treatment.
However, the present study revealed that the decline in ACR was not directly influenced by the decline in body fluid volume and systemic blood pressure. Our stratified analysis of median values of ACR decline during the initial 3 months (3.1 µg/mgCr) showed that the baseline BNP values were not statitically different between the high and low ACR decline groups (17.5 [6.1, 35.9] pg/mL versus 14.9 [8.5, 28 .3] pg/mL) although baseline eGFR values were significantly different between the two groups (84.8 ± 29.8 versus 73.9 ± 16.4 mL/min, data not shown in the Result). This observation might indicate that the ACR decline was not directly influenced by the decrease in body fluid volume. The decrease in eGFR values did not occur in all patients in the present study. Our stratified analysis of baseline eGFR values showed a significant decrease only in the patients with the highest baseline values, and the univariate analysis demonstrated an inverse correlation between baseline eGFR values and the eGFR decrease rate at the 3rd month. These results indicate that the switch to losartan/thiazide combination therapy did not cause an equal decrease in eGFR in all patients with ARB-resistant hypertension; this decrease was observed only in the patients with high baseline values or a considerable initial decrease in the eGFR. These patients the decrease in eGFR observed in the high baseline eGFR group was independent of the decrease in blood pressure. In contrast, the albuminuria that persisted after ARB monotherapy or ARB + CCB combination therapy decreased during the first 3 months only in the high baseline eGFR group.
As demonstrated in Fig. 3 , the univariate analysis of the correlation between the baseline eGFR values and the eGFR decrease at the 3rd month showed an inverse correlation between these variables (correlation coefficient = 0.484, p < 0.01), indicating that patients with a high baseline eGFR achieved a greater decrease in eGFR by the 3rd month.
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would be considered to have glomerular hyperfiltration (GHF), a hemodynamic state that results in podocyte damage [17] and is considered to act as a trigger for a further sequential cascade that leads to glomerular sclerosis [18] . The pathological significance of GHF is that a decrease in high baseline eGFR values does not necessarily indicate the development of renal impairment; rather, it indicates correction of the hyperfiltration state in the glomerulus. The blood pressure-independent decrease in albuminuria, which had persisted even after ARB treatment, in association with the significant decrease in eGFR provides evidence that the decrease in eGFR in patients with high baseline eGFR values appears to be a renoprotective effect.
It has been reported that losartan/thiazide combination therapy may further decrease albuminuria that persists after ARB treatment [19] . In addition, concomitant use of telmisartan and thiazide has been shown to result in a significantly greater decrease in albuminuria compared with telmisartan alone [20] . It is generally accepted that the additive effects of combination therapy with an ARB and thiazide on a further decrease in proteinuria are independent of the decrease in blood pressure. Matsui et al. reported that the concomitant use of olmesartan and thiazide resulted in a more obvious antiproteinuric effect compared to the combination of olmesartan and the CCB azelnidipine, whereas the decline in systemic blood pressure was more evident with the latter combination [21] . The findings of the present study are in agreement with these earlier findings in that the significant decrease in albuminuria was not related to the decrease in blood pressure; rather, it was related to the decrease in the eGFR.
A large-scale clinical study targeting patients without diabetes showed that thiazide treatment alone did not have an antiproteinuric effect [22] , indicating that the antiproteinuric effect of ARB/thiazide combination therapy was not caused by thiazide alone but was a consequence of the concomitant use of the ARB. Imanishi et al. reported that the severity of albuminuria did not correlate with systemic blood pressure but showed a significant correlation with glomerular pressure, indicating that an elevated GFR may be involved, at least in part, in the development of albuminuria [23] . It is therefore reasonable to suspect that losartan/thiazide combination therapy provides glomerular protection in patients with an elevated GFR, ultimately leading to further glomerular sclerosis. Zhou et al. [24] demonstrated the superior effects of losartan/thiazide combination therapy on whole kidney and glomerular hemodynamics in spontaneous hypertensive rats (SHRs) treated with NG-nitro-L-arginine methyl ester (L-NAME). These rats are used as an experimental model for hypertensive glomerulopathy. The Zhou study revealed a significant and additive decrease in renal vascular resistance (RVR) and glomerular capillary pressure (P G ) following a concomitant administration of losartan and a thiazide [24] . These results strongly suggest that the combination therapy affected whole kidney and glomerular hemodynamics to an extent that was sufficient to normalize the pressure load in the glomerulus, leading to improved GHF and a decrease in glomerular injury [24] . The clinical advantage of this combination therapy providing glomerular protection by decreasing the GFR has not been demonstrated clearly, although a series of large-scale clinical trials showed that the blood pressure-lowering effect of combination therapy was potentially greater than that of ARB monotherapy [25] [26] [27] [28] .
Conclusion
The present study of patients with ARB-resistant hypertension and elevated GFR showed that combination ARB/thiazide therapy may normalize glomerular hemodynamics, resulting in a protective effect in the glomerulus. The results of the study may contribute to decisionmaking in terms of therapeutic strategies for patients with ARB-resistant hypertension.
Hasegawa et al.: Improvement of Glomerular Hyperfiltration by ARB-thiazide Combination
